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Abstract 

The cross section for the 3 He(e, e'd)p reaction has been measured as a function 
of the missing momentum p m in (q, w)-constant kinematics at beam energies of 
370 and 576 MeV for values of the three-momentum transfer q of 412, 504 and 
604 MeV/c. The L(+TT), T and LT structure functions have been separated for 
q = 412 and 504 MeV/c. The data are compared to three-body Faddeev calcu- 
lations, including meson-exchange currents (MEC), and to calculations based on 
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a covariant diagrammatic expansion. The influence of final-state interactions and 
meson-exchange currents is discussed. The p m -dependence of the data is reasonably 
well described by all calculations. However, the most advanced Faddeev calculations, 
which employ the AV18 nucleon-nucleon interaction and include MEC, overestimate 
the measured cross sections, especially the longitudinal part, and at the larger val- 
ues of q. The diagrammatic approach gives a fair description of the cross section, 
but under(over)estimates the longitudinal (transverse) structure function. 

Key words: 

PACS: 21.45+v, 25.10,+s, 25.30.Dh, 25.30.Fj 



1 Introduction 

Many nuclear properties can be described successfully within a mean-field 
approach. However, phenomena like the depletion of spectroscopic strength 
and the occurrence of bumps at missing energies characteristic of two-nucleon 
emission in (e, e'p) reactions, indicate that correlations between nucleons, i.e., 
the motion inside a nucleus of two nucleons as a pair with a certain relative 
motion, also play an essential role. The (e, e'd) reaction has proven to be a 
sensitive tool for the investigation of proton-neutron (pn) correlations in nu- 
clei [1-7]. Assuming direct knock-out of a pn pair, the cross section for the 
(e,e'd) reaction can approximately be written [6] as d 6 a/dE e /dfl e >dEddQd = 
Ko~ e ,pn(q) S pn (E m , p m , pa) . Here, the cross section a e . pn for scattering of an elec- 
tron from a pn pair leading to a deuteron in the final state, which depends on 
the momentum transfer q, reflects the relative proton- neutron motion, i.e., the 
relative pn wave function. The distorted spectral function S pn , which depends 
on the missing energy E m , the missing momentum p m and the momentum 
of the final deuteron pd, contains the information about the centre-of-mass 
(c.o.m.) motion of the pn pair within the nucleus, modified by final-state in- 
teractions (FSI). Since the deuteron has isospin zero and the initial pn pair 
can be in a T = or T = 1 state, in general both AT = and AT = 1 transi- 
tions are possible. The former resembles quasi-elastic knockout of a deuteron, 
whereas the latter is similar to the (inverse of) deuteron disintegration. Both 
types of transitions have been studied previously ([2,4-6], [3,6,7]). 

In this paper we present data for the 3 He(e, e'd) reaction, taken in so-called 
(q, c<;)-constant kinematics, in which the energy and momentum transfer to the 
nucleus are held constant, while the angle of the outgoing deuteron is varied. 
The data is compared to the results of three-body calculations [8-10] and to 
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those of a covariant and gauge-invariant diagrammatic approach [11-14]. For 
the three-nucleon system Faddeev calculations are nowadays available both for 
the ground state and for the continuum. The first available 3 He(e, e'd) data [1] 
has been compared to the results of such calculations [8,10]. The emphasis in 
these calculations was on the correct treatment of FSI, which turned out to be 
crucial, especially for kinematics dominated by deuteron knock-out processes. 
The same data was also employed in Refs. [11-13], with the emphasis on the 
consistency between the dynamics and the one- and many-body currents. The 
agreement with the data, especially for parallel kinematics, was in both cases 
fairly good. Other data [7] was of limited kinematic coverage and no compar- 
ison to Faddeev calculations was made. More recently, we published data for 
the 3 He(e, e'd) reaction taken in parallel kinematics [15]. Theoretical calcula- 
tions gave a fair description of the data, but there were some discrepancies, 
especially for the q dependence, and for the transverse structure function Wt- 

Data in (q, cj)-constant kinematics extend the range in which the theoretical 
predictions can be tested, and feature some new aspects. First of all one can 
investigate the longitudinal-transverse (LT) interference structure function, 
which is more sensitive to details of the interaction currents. Furthermore, 
one can investigate the dependence of the longitudinal (L) and transverse 
(T) structure functions on the kinematics. Finally, in selected parts of this 
kinematics one gets non-negligible contributions from processes in which the 
photon hits the non-detected proton. Interference with the process where the 
photon interacts with (the nucleons of) the deuteron gives an extra sensitivity 
to a correct description of the reaction. 

Since the publication of the data obtained in parallel kinematics there have 
been several theoretical developments (see section 3). The Faddeev calcula- 
tions by Golak et al. [10] were extended by using the AV18 NN potential in 
addition to the Bonn-B potential, and by including meson-exchange currents 
(MEC). Furthermore, the number of partial waves was increased to ensure full 
convergence. New calculations in the diagrammatic approach by Nagorny [11- 
14] employed also the AV18 potential instead of the Reid Soft Core potential, 
and now include all angular momentum states in the 3 He ground state. 

Since the data to be discussed comprise both the q and p m dependence of the 
reaction, different aspects of the pn motion in the nucleus 3 He can be studied. 
Furthermore, the cross sections were measured at two beam energies, so that 
a separation of the longitudinal (Wl) plus transverse-transverse (Wtt), trans- 
verse (Wt), and longitudinal-transverse interference (Wlt) structure functions 
could be performed. 

For the definition of the structure functions we follow Raskin and Donnelly 
[16], who write the differential cross section for the unpolarized (e, e'd) reaction 
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as: 

d 5 a 



dE e idVt e idVt(i 



= C (vlWl + vtWt + vltWlt cos + vttWtt cos 20), (1) 



where is the angle between the electron scattering plane and the plane 
defined by the momentum transfer q and the momentum of the outgoing 
deuteron p^. The factor C contains the Mott cross section and kinematical 
factors. Its precise form, as well as that of the kinematical factors i>j, are 
given in Ref. [16]. The structure functions Wlt an d Wtt are zero in parallel 
kinematics. 

The separate structure functions, which result from different combinations 
of the components of the nuclear current, have a different sensitivity to the 
various aspects of the reaction. For instance, the coupling of the virtual photon 
to a T = 1 pn pair, transforming it into a deuteron, involves a spin-flip and 
thus is purely transverse, whereas the coupling to an initial T = pair, which 
resembles elastic e — d scattering, is dominantly longitudinal at our values of q 
(see also [3,7]). Furthermore, one expects that MEC will mainly contribute to 
Wt- On the other hand, according to the three-body calculations the effects 
of FSI on Wl are quite different from the ones on Wt- 



2 Experiment 



The 3 He(e, e'd)p reaction has been measured "in-plane" , using (q, w)-constant 
kinematics, for missing momenta up to 210 MeV/c, and for values of the 
transferred momentum q of 412, 504 and 604 MeV/c. The (central) kinematics 
is given in Table 1. In later figures a negative sign of p m denotes kinematics in 

Table 1 

Overview of the kinematics. T cm denotes the centre-of-mass energy of the outgoing 
deuteron. 



Q 

(MeV/c) 


(MeV) 


T 

± cm 

(MeV) 


6 e , (576 MeV) 
(deg.) 


9e> (370 MeV) 
(deg.) 


412 


50.0 


14.7 


43.6 


72.9 


504 


70.0 


21.0 


55.1 


97.0 


604 


100.0 


31.1 


69.3 





which 6d < 9 q (corresponding to = in Eq. 1), and a positive p m kinematics 
with 6(i > 6 q (corresponding to = n in Eq. 1). 
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Since the experiment has been described in detail in Refs. [17,18], only the 
main points are mentioned here. 

The experiment was performed with the extracted electron beam from the 
pulse-stretcher ring AmPS [19] at NIKHEF. The beam energies were 370 and 
576 MeV. The extracted electron current was about 6 fiA and had a duty 
factor of about 70%. The scattered electrons were detected with the QDD 
spectrometer and the knocked-out deuterons with the QDQ spectrometer [20]. 

A cryogenic gas target [21] operating at 20 K and 1.5 Mpa was used, which 
was filled with a mixture of 3 He and 4 He gases. In this way data was col- 
lected simultaneously for the three reactions: 3 He(e, e'd)p, 4 He(e, e'd)d and 
4 He(e, e'd)pn. Results on the latter reaction channel have been published sep- 
arately [18]. 

The resolution in missing energy varied between 0.3 and 2.0 MeV, depend- 
ing on the kinematics, which was sufficient to separate the different reaction 
channels. The absolute 3 He and 4 He target thicknesses were determined by 
comparison of the measured elastic scattering cross sections to calculated ones 
[22,23]. During the (e, e'd) measurements the total target thickness was moni- 
tored through the singles rate of either one of the spectrometers. Checks with 
elastic scattering before and after each set of (e, e'd) measurements were con- 
sistent to within 2%. 

Both the 2 H(e, e'd) and the 1 H(e, e'p) reaction were used in order to check the 
reconstruction of the electron and hadron momentum vectors in the QDD and 
QDQ spectrometers and to determine the coincidence detection efficiency. 

The data analysis included the following steps. First, the deuterons were sepa- 
rated from protons and tritons by using the pulse height from the scintillators 
in the QDQ spectrometer. Next, the particle vectors at the target were re- 
constructed. Since an extended target was used, this reconstruction and the 
acceptances of both spectrometers depend on the position of the interaction 
point along the beam. By using energy and momentum conservation the values 
of the missing energy 

E m = w — T p — T d , (2) 

where T x is the kinetic energy of particle x, and the missing momentum 

Pm = q-f d (3) 

were calculated from the particle vectors. Next, the accidental coincidences 
were subtracted. As a result of the high duty-factor of the extracted beam, 
the real-to-accidental ratio was high, ranging from 15 to 1640 depending on 
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the kinematics. Next, the data was normalised to the target thickness, the 
integrated charge and the experimental detection volume, and corrected for 
detection inefficiencies. The detection volume was obtained from a Monte- 
Carlo simulation, which uses the measured optical properties of the spec- 
trometers [24-26], including their vertex-position dependent angular accep- 
tances. Finally, the data was radiatively unfolded. The systematic uncertainty 
amounts to about 3% for the cross sections and 4-5% for the structure func- 
tions [17,18]. 

The cross section measured in one kinematical setting covers an appreciable 
range in p m , as a consequence of the angular and momentum acceptances of 
the spectrometers. However, over this range the values of q and the kinemat- 
ical factors in the cross-section expression of Eq. (1) vary slightly around the 
central values. A Monte-Carlo simulation was performed to determine the av- 
erage values of the kinematical factors and of q for the different p m bins within 
one measurement. Then, the cross sections for the different p m bins were re- 
calculated to a common q value by using the q dependence of the cross section 
as measured in this experiment. The correction to the cross section amounted 
to typically a few percent. 



3 Theoretical calculations 

The experimental data is compared to the calculations of Van Meijgaard and 
Tjon [8], Golak et al. [9,10,27] and Nagorny et al. [13,14]. The results of 
Van Meijgaard and Tjon are based on solutions of the Faddeev equations for 
the three-body system, employing a central local iViV-interaction, the spin- 
dependent Malffiet-Tjon I-III potential [28], in the Unitary Pole Expansion 
(UPE). Since this interaction contains only s-wave forces, the ground-state 
wave function of 3 He includes only s-waves. Furthermore, a relativistic cur- 
rent operator is used. 

The calculations of Golak et al. are also based on the solution of Faddeev- 
like equations, but employ the one-boson-exchange Bonn-B potential [29] and 
the AV18 interaction. [30]. Thus state-of-the-art 3 He and 3N continuum wave 
functions are employed. A non-relativistic single-nucleon current operator is 
used, consistent with the non-relativistic Schrodinger equation for the 3N 
states. (The lowest-order relativistic corrections to the single-nucleon den- 
sity operator were studied and found to be on the 5% level in the range of 
small p m values.) In addition ir- and p-like exchange currents [31] are included, 
which in case of the AV18 potential are consistent with the forces. The Riska 
prescription [32] was employed, which guarantees that the currents fulfill the 
continuity equation. In this approach the transverse currents j x and j y ex- 
plicitly include MEC, while j z is related to the charge current j through the 
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continuity equation. MEC were not included in the charge density operator. 
This would be a relativistic effect, which was not considered. In case of the 
Bonn-B potential standard [33] 7r- and p-like exchange currents are taken. 
The electromagnetic nucleon form factors used are the ones from Hoehler et 
al. [34]. 

Nagorny et al. use quite a different approach, which is based on including 
the electromagnetic field into the strongly-interacting system in a fully rel- 
ativistic and gauge-invariant way [11]. Two covariant sets of diagrams, in- 
cluding pole, "contact" and one-loop diagrams are used, which provide both 
nuclear- current conservation and inclusion of the dominant part of FSI and 
MEC effects in a form that is consistent with the nuclear dynamics. The di- 
agrams were generated by "minimal insertion" of the electromagnetic field 
into all external/internal lines and also directly into the 3- and 4-point nu- 
clear vertices, which produces various contact currents in accordance with 
Ward-Takahashi identities [12]. The strong form factors in the covariant nu- 
clear vertices 3 He— > pd and 3 He— > ppn are taken as the positive-energy states 
in the laboratory frame through the solutions of the Faddeev equations with 
the AV18 potential. All angular momentum states in the ground state of 3 He 
are included. The electromagnetic form factors in the completely relativistic 
jNN-, ■ydd- and 7 3 He 3 He-vertices are taken from standard parameterizations 
of experimental form factors. 



4 Results 

4-1 Direct proton knock-out 

We first focus on the measurements at q = 412 MeV/c at the higher beam en- 
ergy, where the largest range in p m has been probed. The measured 3 He(e, e'd) 
cross sections for this kinematics are shown in Fig. 1. Above a certain value of 
p m the cross section flattens off, an effect that is not seen in parallel kinematics 
[15]. The origin of this effect can easily be understood. If one neglects FSI the 
virtual photon can either couple to the proton that is knocked out, while the 
detected deuteron acts as a spectator (direct proton knock-out: DPKO), or 
the virtual photon couples to either one of the nucleons that constitute the 
final deuteron, which is knocked out, while the proton is a spectator (direct 
deuteron knock-out: DDKO). Inclusion of FSI modifies this picture quantita- 
tively, but not qualitatively. 

Now one can look into the kinematics. In the case of DDKO, p m and (the 
constant value of) q combine to the detected deuteron momentum pa, which 
decreases from about 400 MeV/c at p m = MeV/c to about 340 MeV/c at 
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Fig. 1. Measured cross sections for the 3 He(e, e'd) reaction for q = 412 MeV/c 
at E e = 576 MeV. The curves are the PWIA (dashed line) and BORN (full line) 
calculations of Tjon et al., showing the competition between DPKO and DDKO. 

p m = 200 MeV/c. However, in case of DPKO the effective p m is equal to p d . 
Since for both processes the cross section decreases with the effective value of 
p m , the cross section is dominated at low p m by DDKO, but for increasing p m 
values the contribution of DPKO increases. 



Although for a quantitative comparison with the data the effects of distortions 
have to be included, the PWIA and BORN calculations of Van Meijgaard 
and Tjon show this nicely. The PWIA calculation contains only the DPKO 
term, while the BORN calculation includes both the DPKO and the DDKO 
contribution. Whereas for p m = the PWIA calculation is orders of magnitude 
below the data, it increases rapidly with p m , ending up only one order of 
magnitude below the data at the largest values of p m measured. The BORN 
calculation is largest around p m = and then decreases, but flattens off at 
large p m values due to the increasing contribution of the DPKO part. 



4-2 Cross sections 



Before discussing all data and the comparison with the calculations, it is of 
interest to look into the influence of final-state interactions (FSI). The ra- 
tio of the FULL cross sections, i.e., including FSI, over the ones calculated in 
PWIAS, which means a fully antisymmetrized plane- wave impulse approxima- 
tion [10] (equivalent to the BORN cross section by Van Meijgaard and Tjon), 
is shown in Fig. 2. One observes that FSI effects around p m = decrease the 
cross section considerably at q — 412 MeV/c, but less so at larger q. This 
has already been noticed before [10]. Here, one should keep in mind that the 
p — d centre-of-mass energy is only 14.7 MeV at the lowest g-value, rising to 
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31.1 MeV at the highest q- value. In the latter case the reduction of the cross 
section at low values of p m is already rather small, about 10-15%. Beyond a 
|p m |-value of about 150 MeV/c FSI increases the cross section considerably. 
(Overall the effects are slightly smaller at the lower electron energy. We will 
come back to this later when discussing the separated structure functions). 
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Fig. 2. Ratio of FULL and PWIAS cross sections as calculated by Golak et al. with 
the AV18 potential, for different values of the momentum transfer. 



The measured (e, e'd) cross sections for the various kinematics are shown in 
Fig. 3. Since the calculations of Golak et al. are the most detailed, we will first 
compare those to the data. One can make three observations. The first one is 
that the calculations overestimate the data. This holds already for the results 
with the Bonn-B potential, and even more for the AV18 ones. The inclusion 
of MEC increases the discrepancy. Secondly, the (relative) difference between 
data and calculations is slightly smaller at the lower beam energy (we will 
discuss this further in the next subsection) and increases with q. Finally, the 
p m dependence of the data is fairly well described, except at q — 412 MeV/c, 
where there is a discrepancy at negative p m , in the region where the cross 
section flattens off due to the influence of DPKO. Obviously the interference 
between the DPKO and DDKO processes is not well described. 

In Fig. 4 the three theoretical approaches are compared with each other and 
with the data. For the calculations by Golak et al. the AV18 results are chosen, 
since these forces and the accompanying MEC are considered to be the most 
realistic ones. In addition to what has been said already about the various 
calculations some more points are worth mentioning. 

It is seen, especially at small p m -values, that with increasing values of q the 
calculations by Van Meijgaard and Tjon predict increasingly smaller values for 
the cross section compared to those calculated by Golak et al.. Since in first 
approximation the g-dependence of the cross section probes the wave function 
of the pn-pair, part of this may reflect the increasing importance of the D- 
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Fig. 3. Measured cross sections for different values of q at the two beam energies, 
compared to the results of the calculations by Golak et al. for the Bonn-B (dotted 
and dash-dotted curves) and AV18 potential (dashed and full curves), without and 
with the inclusion of MEC, respectively. 

state of the pn-pair (compare elastic scattering from the deuteron at these 
g-values [35]). As mentioned, the calculations by Van Meijgaard and Tjon 
do not contain <i-waves. Golak et al. have also performed calculations with 
the MT I-III potential, using their non-relativistic single-nucleon current. The 
results agree quite well with the ones by Van Meijgaard and Tjon. 

The calculations by Nagorny give a fairly good description of the data. At 
q = 412 MeV/c earlier calculations [17] were significantly lower than the data 
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Fig. 4. Measured cross sections at both electron energies for the different values of 
q: 412 MeV/c (crosses), 504 MeV/c (circles) and 604 MeV/c (squares). The data is 
shown together with the FULL calculations of Van Meijgaard and Tjon (dotted line), 
Golak et al. (full line) and Nagorny (dashed line). See the text for the dash-dotted 
line. 

for p m >100 MeV/c (see the dash-dotted line in Fig. 4). In contrast to those 
the present calculations include also the / = 2, L = 2 configuration in the 
3 He ground state. Although this component is small, it has a relatively large 
influence at larger values of p m due to its overlap with the deuteron / = 2 (D) 
state. Altogether, these calculations give a fairly good description of both the 
p m - and the g-dependence of the data. 

4 ■ 3 Structure functions 

As mentioned in section 2, the experimental data was obtained for values of 
(f> close to and n, and for two values of the incoming electron energy, so the 
structure functions Wl + ^^Wtt, Wt and Wlt (see Eq. 1) could be separated. 

Before discussing the data it is instructive to look at the theoretical predic- 
tions. In Fig. 5 the separate structure functions at q — 412 MeV/c calculated 
by Golak with the AV18 interaction, with and without inclusion of FSI and 
MEC, are shown. It is clear that W L and W T are the dominant structure 
functions, and that Wt is not small compared to Wl- This is due to the con- 
tribution of the (fully transverse) AT = 1 transition (the AT = transition 
is dominantly longitudinal), see Refs. [7,18]. The Wlt interference structure 
function is rather small, while Wtt is negligible except for values of p m above 
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Fig. 5. Structure functions calculated by Golak et al. with the AV18 potential for 
q = 412 MeV/c . Notice the different vertical scales for the different W's. 

about 150 MeV/c. 

Another interesting observation is that the influence of FSI is large in W L (and 
in Wlt and Wtt), but very small in Wt, except at large values of p m . In this 
context one should realize that a PWIAS calculation for Wl violates current 
conservation. On the other hand MEC, as included in the present approach, 
only influence the 'transverse current' dependent W's, considerably increasing 
the values of W T and Wtt- 

W LT 

The Wlt structure function can be determined by just comparing the data in 
kinematics with 6d smaller and larger than 6 q (see section 2). The separated 
Wlt structure functions for the three values of q are shown together with 
the calculations in Fig. 6, both for E e = 576 MeV and E e — 370 MeV. The 
values obtained at the two different energies agree within the experimental 
uncertainties. As is already clear on the cross section level, where the difference 
between the data for 6 d smaller and larger than 6 q is not very large, the 
measured Wlt is small, so the error bars are relatively large. The theoretical 
curves for Wlt were obtained by separating the calculated cross sections in 
the same way as the measured cross sections. (Naturally they agreed with the 
ones calculated directly, using the appropriate components of the hadronic 
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current operator). For all calculations Wlt is independent of the incoming 
energy, as expected, and has a maximum near p m = 50 MeV/c for all q values, 
while it decreases for higher p m values. In the Faddeev calculations FSI has 
two effects on W LT - both the magnitude of the maximum decreases and the 
decrease as a function of p m is stronger. This even introduces a zero crossing 
at q= 504 MeV/c and a double zero crossing at q= 412 MeV/c. The latter 
presumably is related to the increasing influence of DPKO, which is also visible 
in this region in the cross section. 

In the p m range between and about 70 MeV/c the data and the various 
calculations agree with each other within the experimental accuracy. However, 
at larger values of p m the calculations tend to underestimate the data. 

3 He(e,e'd)p 

i i i i i i i i I 

10 q=604 MeV/c 





50 100 150 200 



50 100 150 200 

p m [MeV/c] 



Tjon 
-Golak 
■ Nagorny 
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Fig. 6. Measured Wlt structure functions, extracted from the cross sections mea- 
sured at £"6=576 MeV (crosses) and ££=370 MeV (circles), for the different q values, 
in comparison to the calculations. 



W L and W T 

Data at q— 412 MeV/c and q— 504 MeV/c were taken at both energies. 
Therefore, for the first time the W l {+ v ^Wtt) and W T structure functions 
could be separated in (q, uj) kinematics, for those p m values where all four 
cross sections were available. Since all calculations predict Wtt to be very 
small compared to Wl, except at values of p m above about 150 MeV/c, this 
is effectively an L-T separation. The results are presented in Fig. 7. It turns 
out that the values found for Wl and Wt in (q, uj) kinematics are very close 
to the values found in parallel kinematics [15]. This, together with the fact 
that Wlt and Wtt are small, suggests that a factorization of the cross section 
into an 'e — prC cross section and a (distorted) spectral function (see also the 
introduction and Ref. [6]) is a reasonable approximation. 

The calculations by Golak et al. with the AV18 potential and including MEC 
are in global agreement with Wt, but overestimate Wl, especially at q — 
504 MeV/c. In this context we recall that at q — 604 MeV/c, where no sep- 
aration of the structure functions could be performed, the unseparated cross 
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Fig. 7. Data for the structure functions Wl (+Wtt) and Wt together with the 
results of the calculations. 



section was even more overestimated. Since the g-dependence in first instance 
probes the relative motion of the pn pair in 3 He, this suggests that the short- 
distance behaviour of this motion is not well described. (As the used current 
operator is a non-relativistic one, it was verified that elastic scattering from 
the free deuteron was well described). 



Whereas the calculations by Nagorny gave a fairly good description of the 
measured cross sections, they clearly underestimate the longitudinal structure 
function Wl at q = 412 MeV/c, and overestimate Wt- The calculations show 
a minimum for Wl, which is not present in a PWIAS calculation. This has 
been observed before by Nagorny et al. [13]. The cause is a large, destructively 
interfering, contribution of the 3 He-pole diagram (S-term) in (q, id) kinematics. 
This term, which is part of the FSI, is constant with p m) since it only depends 
on W. Another part of the FSI comes from the "contact current", but this 
part is still small at q — 412 MeV/c. Clearly, this indicates an inadequacy of 
the treatment of FSI. Presumably, inclusion of only the pole part of pd — > pd 
rescattering is not sufficient, and the regular part [12] has to be included as 
well. 



Although the pioneering calculations by Van Meijgaard and Tjon give a rea- 
sonable description of the data, this observation does not allow strong conclu- 
sions, since the used interaction is rather simple, no MEC are included, and 
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only s- waves are taken into account. 



5 Summary and conclusions 

Cross sections for the 3 He(e, e'd)p reaction have been measured in (q, in- 
constant kinematics for a range in missing momentum at two beam ener- 
gies and for three values of the three-momentum transfer. Thus the separate 
L(+TT), T and LT structure functions could be determined at q — 412 and 
504 MeV/c, which provide for a sensitive test of theoretical calculations for 
this reaction. The LT structure function is found to be rather small, but the 
transverse structure function is of comparable magnitude as the longitudinal 
one. This points to the importance of the AT = 1 transition, in which a T = 1 
pn pair in 3 He is transformed into a T = deuteron in the final state. 

The data has been compared to the results of two types of three-body Fad- 
deev calculations, one with a simple interaction and containing only s-waves, 
the other one employing the Bonn-B and the AV18 potentials, and including 
meson-exchange currents (MEC). Also calculations based on a covariant dia- 
grammatic approach, including tree and one-loop diagrams, and using Ward- 
Takahashi identities to ensure gauge invariance were used. 

All calculations give a fair description of the p m - and the g-dependences of 
the cross sections, which reflect the centre-of-mass and relative motion of the 
pn pair inside 3 He, respectively, and of their L/T character. This means that 
the essential ingredients of the calculations: the structure of 3 He in its ground 
state, and final-state interactions (the continuum structure of the 3N system), 
are reasonably well understood. Final-state interactions have a large influence, 
especially at the lower value of q (and accompanying low centre-of-mass energy 
of the final p-d system). At low values of p m they reduce the longitudinal part 
of the cross section, whereas at large p rn - values they increase it. In this region 
also direct proton knock-out starts to noticeably influence the cross sections, 
leading to a rise of the cross section. This was experimentally observed at 
p rn - values above 150 MeV/c at the lowest value of q. In contrast the value of 
the transverse structure function hardly changes when including FSI. Meson- 
exchange currents increase considerably the transverse structure function. All 
calculations predict relatively small values for the LT interference structure 
function, which is consistent with the data. Also Wtt is calculated to be small, 
but this structure function cannot be separated with the present "in-plane" 
data. 

However, upon closer inspection there are also significant differences between 
the data and the theoretical calculations. The diagrammatic approach gives a 
fair description of the cross section, but under(over)estimates the longitudinal 
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(transverse) structure function. It also predicts a minimum in the longitudi- 
nal structure function, presumably due to the neglect of the regular part of 
pd — > pd rescattering. The most striking result is that the supposedly best Fad- 
deev calculations available at present, which employ the AV18 nucleon-nucleon 
interaction and include MEC, overestimate the measured cross sections, the 
more the larger the value of q. The major discrepancy is in the longitudinal 
cross section, the transverse one being reasonably well described. Possible ex- 
planations for this discrepancy could be: the use of the Sachs form factors G P E 
and instead of the Pauli form factors Ff and F™ reduces the longitudinal 
response function R L by about 15-25%, depending on the kinematics. Fur- 
thermore, inclusion of a three- nucleon force will influence the binding energy 
and hence the d — p overlap. A PWIAS calculation including the Urbana IX 
3N force [36] for the 3 He bound state gives a reduction of the cross section of 
about 15%. Finally meson-exchange currents should also be included in the 
charge- density operator, since it is known that they influence e.g. the elastic 
charge form factor. However, such calculations are not yet available. 
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